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Abstract: The psychrotolerant microfungus Aspergillus terreus strain AKM-F3 (GenBank Accession No. KF417464) was investigated
for the production of cold-active endoglucanase using sugarcane bagasse. The effects of different process parameters were studied
for hyperproduction. Optimum production was found at 15 °C with an initial pH of 5.0 at 120 h. For enzyme production, 1 mM
ZnCl2, 0.01% aspartate, 2% lactose, and 3% NaNO3 were regarded as potent inducers. The final production gave an activity 3.764-fold
higher than the unoptimized conditions. The molecular weight of purified endoglucanase was 55 kDa, showing a 3.464-fold purification
increase with a 23.925% yield having 75.279 U/mg of specific activity. The Km and Vmax values of the purified enzyme were found to be
0.37 mg/mL and 24.63 U/mg, respectively. The enzyme was more active at 35 °C and pH 4.0, whereas more stability was observed at 0 °C
and pH 7.0. Ca2+, Mn2+, and all tested organic solvents were found to be activators of endoglucanase. EDTA had very low effect, whereas
the most active inhibitor was sodium deoxycholate. The present study successfully produced a cold-active endoglucanase with novel
properties that can be used for the degradation of cellulosic wastes in cold regions and the economically sound removal of unwanted
extra microfibrils from cotton.
Key words: Aspergillus terreus, cold-active, cold-temperature fermentation, endoglucanase, Jammu, microfungi, psychrotolerant,
purification

1. Introduction
Psychrotolerants are a more diverse group than true
psychrophiles. The habitat of the latter is permanent cold
regions, whereas the former can thrive in cold regions
and also where mesophiles grow. The optimum and
maximum growth temperatures for psychrotolerants
are ≥15 °C and ≤40 °C, respectively (Morita and Moyer,
2001). Psychrotolerants can be found in deep oceans,
Antarctica, the Arctic, high mountains, and man-made
refrigerated systems (Russell and Cowan, 2006). There
are few reports of psychrotolerant bacteria (Baghel et al.,
2005; Maharana and Ray, 2013) and microfungi (Nazir et
al., 2010; Maharana and Ray, 2014a) from the soil of India.
The temperature of Jammu, India (32.73°N, 74.87°E) rarely
reaches 37 °C and temperatures in the winter months
occasionally fall below freezing.
Extremozymes are seen to have immense future
application in various fields of science. Enzymes from
psychrotolerants are more adaptable than those from
mesophiles and psychrophiles due to their wider range
of temperature stability. Cold-active enzymes (CAEs) like
* Correspondence: abhas_maharana@yahoo.com

lipase, cellulase, amylase, and protease produced from
psychrotolerants are widely used in many industries, like the
detergent, food, and textile industries; moreover, there is a
high need for CAEs for biodegradation and bioremediation
purposes in cold regions (Margesin and Schinner, 1999).
Carboxymethyl cellulases (CMCase) or endoglucanases
(EGs) (β-1,4-endoglucanase, EC 3.2.1.4) are inducible
enzymes that are synthesized by microorganisms during
their growth on cellulosic materials. In the textile
industry, cold-active endoglucanases (CAEGs) can be
used to remove unwanted extra fibrils from clothes so
that the fabric is smoother and the clothes have increased
longevity (Kumar et al., 2011). A higher temperature
(60–70 °C) is needed for the saccharification of cellulose
slurry and so more energy is consumed, which can be
saved by the introduction of CAEGs to the slurry. Most
reports of EGs were from fungi rather than bacteria and
several researchers have reported on EGs produced from
Aspergillus terreus (Emtiazi et al., 2001; Gao et al., 2008;
Abo-State et al., 2010; Abdel-Fatah et al., 2012). However,
there are few reports on CAEGs from either fungal (Hurst
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et al., 1983; Duncan et al., 2008; Dong et al., 2011; Singh et
al., 2012b; Maharana and Ray, 2014a) or bacterial (Singh et
al., 2012b; Maharana and Ray, 2013) origins.
Cellulases are relatively costly enzymes, so a significant
reduction in cost is important for their commercial use,
which can be made possible by using natural and cheaper
sources (Ozioko et al., 2013). In the past few decades, very
little attention has been given to solid-state fermentation
(SSF). SSF offers advantages over submerged fermentation,
like higher product yield, better product quality, and
cheaper product recovery. Several factors are related to
regulating the enzyme activity in a production medium
(Maharana and Ray, 2014b). The production of enzymes
depends on many physical and chemical parameters
that regulate this production by regulating the growth of
isolates used for the production processes. Before doing
any large-scale production, optimization is necessary
for the hyperproduction of enzymes. A low-temperature
process needs enzymes that have high catalytic activity at
low temperatures and also shorten the processing time,
which can be fulfilled by the introduction of enzymes
from psychrotolerants and psychrophiles (Margesin
and Schinner, 1999). Cold-temperature fermentation
processes have many advantages over the normaland high-temperature processes as the cold reduces
energy consumption as well as decreases the chance of
contamination.
Previous studies were able to screen and produce
CAEGs from psychrotolerant microfungi. Therefore, to
expand on this, the present study deals with the production,
optimization, and extraction of CAEGs from Aspergillus
terreus strain AKM-F3 using sugarcane bagasse followed
by their purification and characterization.
2. Materials and methods
2.1. Isolation and screening of CAEGs produced by
psychrotolerant microfungi
For the isolation of psychrotolerant microfungi, soil
samples were collected from agricultural fields of Jammu,
India. Isolation of psychrotolerant microfungi was done at
15 ± 1 °C (Maharana and Ray, 2014a). Isolated fungi were
revived on Czapek Dox agar (CDA) and maintained at 4
°C. Further microfungi were screened for EG production
on carboxymethyl cellulose Congo red (CMC-CR) agar
plates at 15 ± 1 °C, as described by Gupta et al. (2012).
Isolates showing a Congo red discoloration were taken as
positive.
2.2. The substrate and its pretreatment
Sugarcane bagasse was collected from a local market and
sliced. It was then spread on trays and oven-dried at 70
± 1 °C for 24 h. The dried slices were ground and sieved
through standard mesh sieves before being stored in
polyethylene bags at room temperature (30 ± 1 °C) until
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use. At the time of production, alkali treatment of the
substrate was done with 1 N NaOH followed by washing
with distilled water until the pH of the substrate reached
neutral. It was then air-dried.
2.3. Inoculum preparation
Fungal isolates from CDA plates were taken and inoculated
separately with Czapek Dox broth and incubated at 15 ±
1 °C at 150 rpm in a shaking incubator. After 8 days of
incubation, this material was regarded as inoculum for
enzyme production.
2.4. Production of CAEG by SSF
Sugarcane bagasse (10 g) was put in 250-mL Erlenmeyer
flasks and moistened with a mineral salt solution [g/L:
NaCl, 2.0; MgSO4.7H2O, 0.4; (NH4)2SO4, 0.5; K2HPO4,
0.3; KH2PO4, 0.3; CaCl2.2H2O, 0.1; pH 5.0] as recorded
by Krishna (1999). The initial moisture content was
maintained at 75% and the production medium was
autoclaved at 121 °C for 60 min, cooled to about 20 °C,
and inoculated with an inoculum of 10% (volume by dry
weight of substrate used). The contents of the flasks were
mixed thoroughly to ensure uniform distribution of the
inoculum and incubated at 15 ± 1 °C for 120 h.
2.5. Enzyme extraction
The enzyme from the fermented medium was extracted
with citrate buffer (0.05 M, pH 4.8) in a substrate/buffer
ratio of 1:10 employing the simple contact method (Singh
et al., 2012a). The flasks were shaken at 150 rpm for 30 min
at 15 ± 1 °C. All extracts were then filtered using Whatman
filter paper No. 1 for the removal of substrates and fungal
mycelia. Filtrates were then centrifuged at 10,000 rpm
for 20 min at 4 °C. The clear supernatants obtained were
considered as crude enzyme and processed for further
assay.
2.6. Crude enzyme quantification
The EG activity was determined by estimating the reducing
sugar produced during the enzymatic reaction using the
3,5-dinitrosalicylic acid (DNS) method (Mandels et al.,
1976) with the slight modification of using carboxymethyl
cellulose (1% w/v) as the substrate. The crude enzyme
assay was done at 15 ± 1 °C and material was incubated
for 20 min. After incubation, 1.5 mL of DNS was used to
stop the reaction, the mixture was boiled for 15 min, and
absorbance was taken at 540 nm against an enzyme-free
medium. One unit of activity is the amount of enzyme
required to release 1.0 µmol of reducing sugar (as glucose)
per minute under the described conditions (Ghose, 1987).
2.7. Molecular identification of potent fungal isolate
On the basis of the quantification results, a potent
microfungus was selected and molecular identification
was done using the D1/D2 region of the large subunit
(LSU; 28S rDNA)-based molecular technique (Eddouzi
et al., 2013). The gene sequence was used to carry out
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BLAST with the nr-database of the GenBank database. The
consensus sequence of the sample (610 bp) was submitted
to BankIt, GenBank, and NCBI for an accession number.
2.8. Optimization of parameters for maximal CAEG
production
The various process parameters that influence the enzyme
production during SSF were optimized over a wide range
by using the ‘change one factor at a time’ method (Singh
et al., 2012a). Process parameters were standardized for
maximal CAEG production. The process parameters
investigated were incubation period, moisture content,
initial pH, incubation temperature, inoculum size, mineral
chlorides, amino acids, nitrogen sources, and carbon
sources. After optimizing the production medium and
parameters, the final production was also done.
2.9. Purification of CAEG
The final production was performed by taking all of the
optimized parameters. After production, the crude extract
was purified by ammonium sulfate precipitation followed
by dialysis. All purification steps were carried out at 4 °C.
The clear supernatant collected from the extraction was
precipitated overnight with ammonium sulfate (40%–
95%). The precipitate was collected by centrifugation
at 12,000 rpm for 20 min at 4 °C. The precipitate was
dissolved in a minimum volume of 50 mM citrate buffer
(pH 4.8) and dialyzed against the same buffer at 4 °C. The
enzyme was then pulled out and kept at 4 °C until further
use.
2.10. Protein estimation
The protein amount (mg/mL) of all samples was estimated
using bovine serum albumin as the standard (Lowry et al.,
1951).
2.11. Molecular weight determination
The molecular weight of CAEG was determined using
sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) (Laemmli, 1970).
2.12. Characterization of purified CAEG
Characterization was done only by using the purified
enzyme solution that was confirmed by the SDS-PAGE
technique. A single band of protein on the gel was
considered to be purified enzyme.
2.12.1. Kinetic study
The kinetic parameters (Vmax and Km) were determined by
taking 1–10 mg/mL of CMC as the substrate; a Hofstee plot
was used for this study at 15 ± 1 °C. This representation is
useful for kinetic reactions with larger substrate [S] values.
2.12.2. The effect of temperature on the activity and
stability of CAEG
The purified CAEG was tested to determine the effect of
temperature on the activity and stability of the enzyme.
The optimum temperature for maximum EG activity was

determined by incubating reaction mixtures at different
temperatures (0 to 65 °C). For the stability test, the purified
enzyme was dissolved in 50 mM citrate buffer (pH 4.8)
and preincubated at the respective temperatures for 60
min before quantification.
2.12.3. The effect of pH on the activity and stability of
CAEG
For this experiment the following buffers (0.05 M) were
prepared: a citrate buffer (pH 3.0–5.0), a phosphate buffer
(pH 6.0–8.0), and a Tris-chloride buffer (pH 8.0–9.5).
To determine the EG activity, the substrate was prepared
in each buffer having a specific pH and quantified
accordingly. For the stability test, the only modification
was the preincubation of the purified enzyme with the
buffers for 60 min before assaying at 15 ± 1 °C.
2.12.4. The effect of metal ions, organic solvents, and
inhibitors on the stability of CAEG
The effect of different metal chlorides, organic solvents,
and inhibitors on the stability of the purified enzyme was
investigated by incubating the enzyme with the abovementioned compounds prepared in a 50 mM citrate buffer
(pH 4.8) at 15 ± 1 °C for 60 min with a corresponding
control (without addition of any compounds).
2.13. Statistical analysis
The data recorded during the course of the investigation
were subjected to significance testing using a t-test and
analysis of variance. SPSS 16.0 was used for the statistical
analyses. Statistical significance was set at P < 0.05. Results
were denoted as mean ± standard deviation (SD) of
triplicate experiments.
3. Results and discussion
3.1. Screening and production of CAEGs
Among the 12 microfungi, 6 strains were positive for
CAEG production, as confirmed by a CMC-CR agar
test at 15 ± 1 °C. As determined by both macro- and
micromorphological study, the 6 isolates belong to
Penicillium sp. (F2), Aspergillus sp. (F3), Chaetomium
sp. (F7), Microsporum sp. (F9), Fusarium sp. (F10),
and Alternaria sp. (F11). A plate assay revealed that the
maximum CAEG was produced by Aspergillus sp. The
present study is in accordance with the reports of Hurst et
al. (1983), who observed EG production by Fusarium sp.,
Aspergillus sp., and Penicillium sp. at 20 °C.
All 6 isolates were investigated for CAEG production
using sugarcane bagasse as the solid substrate at 15 ± 1
°C. After every 24 h of production, about 1 g of fermented
sugarcane bagasse was subjected to extraction of CAEG
followed by centrifugation and quantification (U/mL),
as shown in Table 1. Among all the isolates, Aspergillus
sp. (F3) showed the maximum CAEG production at
120 h of incubation. The D1/D2 region of the LSU (28S
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Table 1. Cold-active endoglucanase produced by psychrotolerant microfungi.

Isolate

Endoglucanase production (U/mL)a for different incubation periods (h)
0

24

48

72

96

120

F2

0

0.14

1.60

2.89

6.21

9.82

F3

0

0.17

1.67

2.95

6.63

10.31

F7

0

0.08

0.68

2.59

5.29

6.86

F9

0

0.12

2.26

3.10

6.54

9.56

F10

0

0.10

0.29

3.25

5.22

8.82

F11

0

0.07

0.32

1.60

6.12

6.60

Data are means of triplicates (P < 0.05).

a

rDNA)-based molecular technique revealed that isolate
F3 is Aspergillus terreus strain AKM-F3 having GenBank
Accession No. KF417464.
3.2. The effect of process parameters on CAEG production
Generally, enzyme production depends on many
factors that are directly proportional to the growth of
the microorganisms. In some cases, there is maximum
enzyme production in the medium by the microorganisms
but the enzymes are in an inactive form, resulting in
lower enzymatic activity. This condition happens due to
variations in temperature, pH, moisture, and nutrient
availability. Furthermore, many other molecules that
show feedback inhibition of enzyme production are also
produced in the production medium.
3.2.1. Incubation period
The results shown in Figure 1 demonstrate that maximum
production was at 120 h of incubation and thereafter a
decrease in production was found. A similar report was
recorded by Nazir et al. (2010) for cellulase production
by Aspergillus terreus GN1 isolated from compost soil

of the Jammu region. The reduction in enzyme yield
after an optimum period is probably due to depletion of
nutrients, a pH change in the medium, or depletion of the
more amorphous substrates (Ghose, 1987). Depletion of
medium oxygen due to static fermentation conditions may
be another vital cause of reduction in enzyme production.
3.2.2. Moisture content
Appropriate moisture content of the substrate is one
of the critical factors influencing SSF. Results shown in
Figure 2 reveal that maximum production was found at
75% moisture content and further alteration in moisture
content had an adverse effect on enzyme production.
Krishna (1999) reported that optimum cellulase was
obtained at 70% moisture content when using banana peel
as the substrate. There was a low production of CAEG
at a higher range of moisture content, presumably due
to the clumping of the medium resulting in low aeration
and hyphal growth, which ultimately ended enzyme
production. Likewise, a reduction in the solubility of
substrate nutrients, a low degree of swelling, and high
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EG activity (U/mL)

EG activity (U/mL)

10

6
4
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0

24

48

72
96
120 144
Incubation period (h)

168

192

Figure 1. The effect of incubation period on endoglucanase
production by A. terreus strain AKM-F3. The results are the
means of 3 independent experiments and the bars correspond to
standard deviations (P < 0.05).
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95

Figure 2. The effect of moisture content on endoglucanase
production by A. terreus strain AKM-F3. The results are the
means of 3 independent experiments and the bars correspond to
standard deviations (P < 0.05).
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water tension were achieved due to low moisture content
(Mekala et al., 2008).
3.2.3. Initial pH
The maximum productivity of CAEG was recorded at
pH 5.0, as depicted in Figure 3. There is a report on
the optimum production of CMCase at pH 4.5–5.0
by microfungi (Abdel-Fatah et al., 2012). A dissimilar
behavior was seen by Aspergillus terreus M11, where the
optimum pH for EG production was within pH 2–3 (Gao
et al., 2008). The reduced EG production at pH 3.0–4.0
may be due to inhibition of the fungus at low pH levels.
3.2.4. Incubation temperature
The higher production of CAEG at varied incubation
temperatures from 5–55 °C is presented in Figure 4. This
revealed that the production increased with an increase in
temperature from 5–15 °C and the optimum was found
at 15 °C. The present findings corroborate the reports of
Duncan et al. (2008), who found maximum EG activity
at 15 °C after 10 days of incubation by psychrotrophic
microfungi Cladosporium, Geomyces, and Gliocladium.

EG activity (U/mL)

20
16
12
8
4
0

3

4

5

6

7
Initial pH

8

9

10

11

Figure 3. The effect of initial pH on endoglucanase production
by A. terreus strain AKM-F3. The results are the means of 3
independent experiments and the bars correspond to standard
deviations (P < 0.05).

Many psychrotrophic fungi such as Aspergillus aculeatus,
Xylaria spp., and Geomyces pannorum isolated from NyÅlesund, Spitsbergen (Singh et al., 2012b) were also
investigated for CAEG production at 20 °C. The decrease
in CAEG production after 15 °C was presumably due to
inhibition of the psychrotolerant A. terreus strain AKM-F3
and thermal inactivation of the enzyme. Psychrotolerants
are reported to have higher enzyme production at
temperatures lower than the optimal growth temperature
(Zeng et al., 2004).
3.2.5. Inoculum size
It is evident from Figure 5 that the 10% inoculum size
showed remarkably better CAEG production. The same
result was obtained from A. terreus DSM 826 at 30 °C
(Abdel-Fatah et al., 2012). Singh et al. (2012a) reported
that with an increase in inoculum size, enzyme production
decreased due to an increase in the duration of the
initial lag phase. Krishna (1999) got maximum cellulase
production by using a 15% inoculum size. Abo-State et
al. (2010) stated that the incorporation of high inoculum
instead of lower inoculum into the production medium
enhances the utilization of substrates by any microbial
culture; moreover, the presence of abundant spores in
the inoculum enhances rapid proliferation and biomass
synthesis. However, beyond a certain inoculum size, both
biomass and enzyme production decrease due to the
depletion of major nutrients and oxygen.
3.2.6. Mineral chlorides
Mineral salts are required for microbial growth and other
activities. Results showed that all the mineral salts used for
the analysis had positive effects on CAEG production as
compared with the control (no additional mineral salts),
except for MnCl2, FeCl3, and KCl (Figure 6). ZnCl2 (1 mM)
was by far the best for CAEG production as compared to
the others. There is a report on CAEG production with 1
mM CaCl2 at 40 °C after 8 days of incubation by A. terreus
AV49 (Vyas et al., 2005).
20

20
EG activity (U/mL)

EG activity (U/mL)

16
12
8
4
0

5

15

25
35
45
Incubation temperature (°C)

55

Figure 4. The effect of incubation temperature on endoglucanase
production by A. terreus strain AKM-F3. The results are the
means of 3 independent experiments and the bars correspond to
standard deviations (P < 0.05).
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Figure 5. The effect of inoculum size on endoglucanase
production by A. terreus strain AKM-F3. The results are the
means of 3 independent experiments and the bars correspond to
standard deviations (P < 0.05).
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KCl
NaCl CaCl2 Control
Mineral chlorides (1 mM)

(NH4)2SO4

1

2
Nitrogen sources (%)

3

Figure 6. The effect of mineral chlorides on endoglucanase
production by A. terreus strain AKM-F3. The results are the
means of 3 independent experiments and the bars correspond to
standard deviations (P < 0.05).

Figure 8. The effect of nitrogen sources on endoglucanase
production by A. terreus strain AKM-F3. The results are the
means of 3 independent experiments and the bars correspond to
standard deviations.

3.2.7. Amino acids
Different amino acids (0.01% w/v) were investigated for
the maximum production of CAEG and the results are
given in Figure 7. Among them aspartate, isoleucine, and
cysteine had an inductive capability to produce CAEG as
compared to the control. Reduction in EG activity by the
others was presumably due to nonutilization or inhibitory
effects of the amino acids on the growth of A. terreus
strain AKM-F3 and, as the growth is retarded, so is the
activity. Alanine, arginine, and threonine were reported
to be suppressive in action by A. terreus AV49 for the
production of EG using groundnut shell and the specific
side groups present in the amino acids can influence the
cellulase synthesis (Vyas et al., 2005).
3.2.8. Nitrogen sources
Several authors recorded that NaNO3 and (NH4)2SO4
have an activation effect on CAEG production (AbdelFatah et al., 2012; Singh et al., 2012a). Therefore, different
concentrations (1%–3% w/v) of NaNO3 and (NH4)2SO4
were investigated and the results are shown in Figure 8. It

was observed that optimum activity was achieved by 3%
NaNO3, while the other concentrations had an adverse
effect on enzyme production. A similar behavior was
recorded by Krishna (1999) and Youssef and Berekaa
(2009), who worked with Bacillus subtilis CBTK 106 and
Aspergillus terreus, respectively.
3.2.9. Carbon sources
The effect of lactose and sucrose on CAEG production
is shown in Figure 9, which clearly indicates that
maximum production was seen at 2% lactose while other
concentrations had a lesser effect. The present study
revealed that lactose acts as a better inducer of CAEG
production than sucrose, which is in accordance with the
studies of Krishna (1999) and Emtiazi et al. (2001), who
worked with Bacillus subtilis CBTK 106 and Aspergillus
terreus, respectively. Korish (2003) reported that all
reducing sugars provoke the secretion of the cellulase and
no nonreducing sugars stimulate cellulase production, and
the reducing end of the oligosaccharides is required for the
enzyme induction process.

10
8
EG activity (U/mL)

EG activity (U/mL)

12

6
4
2
0

12

Lactose

10

Sucrose

8
6
4
2
0

Amino acids (0.01%)

Figure 7. The effect of amino acids on endoglucanase production
by A. terreus strain AKM-F3. The results are the means of 3
independent experiments and the bars correspond to standard
deviations (P < 0.05).
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1
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3

Figure 9. The effect of carbon sources on endoglucanase
production by A. terreus strain AKM-F3. The results are the
means of 3 independent experiments and the bars correspond to
standard deviations.
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3.3. Purification and molecular mass determination of
CAEG
Cold temperature production of CAEGs was done
using psychrotolerant microfungus A. terreus strain
AKM-F3 using sugarcane bagasse as a substrate. The final
production was 3.764-fold higher than in the unoptimized
conditions. The clear supernatant was regarded as crude
enzyme, which was further subjected to purification by
precipitating it with different concentrations of ammonium
sulfate (40%–95%). The precipitate collected was dialyzed
and the yield was obtained (Table 2).
The molecular mass of the CAEG estimated from
SDS-PAGE was 55 kDa, confirmed in the dialysis step
of purification (Figure 10). This may be due to the lower
incubation temperature and the fact that the fungus was
treated with a rich carbon source like sugarcane bagasse; it
conferred an advantage of production of CAEG over other
proteins, which was evident from the faint bands found
from the crude sample. Furthermore, molecular masses of

EG from A. terreus M11 of 25 kDa (Gao et al., 2008) and
from A. terreus of 78 and 80 kDa (Nazir et al., 2009) were
reported. There was a similar report of finding 55 kDa
of CMCase from Trichoderma viride incubated at 27 °C
(Bhattacharya et al., 2014).
3.4. Characterization of purified CAEG
3.4.1. Kinetic study
Apart from the physical and chemical parameters, the rate
of reaction is also dependent on substrate concentration.
The Km and Vmax values obtained from purified CAEG
determined from the Hofstee plot were 0.37 mg/mL and
24.63 U/mg, respectively (Figure 11). The lower Km value
indicates that there was a great affinity of the enzyme
towards the CMC substrate at 15 ± 1 °C. The present Km
value is lower than that obtained for EGs from A. terreus
GN1 (13.1 mg/mL) (Garg and Neelakantan, 1982).
From the present study, the Vmax from A. terreus strain
AKM-F3 was higher than the Vmax obtained from A. niger
VTCC-F021 (20.121 U/mg protein) (Pham et al., 2012)
and A. terreus DSM 826 (4.35 U/mg protein) when CMC
was used as a substrate (Elshafei et al., 2009).
3.4.2. The effect of temperature on the activity and
stability of CAEG
The optimum temperature for purified enzyme activity
was determined to be 35 °C (100% relative EG activity
= 29.572 U/mg), as shown in Figure 12. The enzyme
1.5

Vmax 24.63 U/mg

[S]/V

1.2

Km 0.37 mg/mL

0.9
0.6
0.3

–2

0

0

2

4

6

–0.3

Figure 10. SDS-PAGE analysis of purified CAEG from A. terreus
strain AKM-F3. Lane 1 = crude enzyme, M = molecular marker,
lane 2 = ammonium sulfate precipitation, lane 3 = dialysis
product (55 kDa).

8

10

12

[S]

Figure 11. The effect of substrate concentrations on EG activity
at 15 ± 1 °C. Km and Vmax values were calculated from the Hofstee
plot.

Table 2. A summary of the purification of cold-active endoglucanase from Aspergillus terreus strain AKM-F3.
Step

Total activity (U)

Total protein (mg)

Specific activity (U/mg)

Yield (%)

Purification fold

Crude enzyme

3881.783

178.632

21.731

100

1

Precipitation

1482.169

38.474

38.524

38.183

1.772

Dialysis

928.719

12.337

75.279

23.925

3.464
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Figure 12. The effect of temperature on the activity and stability
of purified CAEG by A. terreus strain AKM-F3. The results are
the means of 3 independent experiments (P < 0.05).

activity was almost constant within 0–15 °C and declined
at temperatures beyond 35 °C. Almost 80% of enzyme
activity was retained, which showed its novelty of activity
at both higher and lower temperatures. This result
strengthened the fact that the EG is a cold-active enzyme
because activity above 85% was retained at 0–15 °C.
The enzyme was at its most stable at 0 °C (100% relative
EG activity = 23.61 U/mg), but this decreased at higher
temperatures with incubation for 1 h (Figure 12). A similar
report was made for psychrotrophic yeast Rhodotorula
glutinis KUJ 2731, where the EG was found to be stable in
the wide range of temperatures of 0–70 °C (Oikawa et al.,
1998). The EG from A. terreus DSM 826 could withstand
heating at 50 °C for 1 h without any apparent loss of
activity (Elshafei et al., 2009). At higher temperatures,
denaturation of proteins is found due to the breakage of
hydrogen and other noncovalent bonds; denaturation of
an enzyme changes the arrangement of the amino acids
in the active site by altering its shape, thus causing the
enzyme to lose its catalytic ability (Tortora et al., 2004).
It was also stated that denaturation is partially or fully
reversible and in other cases the enzyme cannot regain
its original properties if denaturation continues until the
enzyme has lost its solubility and coagulates.
3.4.3. The effect of pH on the activity and stability of
CAEG
The optimum pH for CAEG activity was determined to be
4.0 (100% relative EG activity = 27.66 U/mg), as depicted
in Figure 13. The CAEG from A. terreus strain AKM-F3
showed high activity in an acidic pH but it also showed
relative activity above 70% at pH 8.0–9.0. A. terreus DSM
826 showed almost the same result with an optimum EG
activity at pH 4.8–5.0 (Elshafei et al., 2009). The optimum
pH for the stability of EG from A. terreus strain AKM-F3
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Figure 13. The effect of pH on the activity and stability of purified
CAEG by A. terreus strain AKM-F3. The results are the means of
3 independent experiments (P < 0.05).

was found to be pH 7.0 (100% relative EG activity = 26.17
U/mg) and almost 90% of relative activity was shown at
pH 5.0–8.0 (Figure 13). The EG from A. terreus M11 was
stable at pH 2.0–5.0 (Gao et al., 2008), while the EG from
A. terreus strain AN1 was stable at pH 3.0–5.0 (Nazir et al.,
2009). Acids or bases alter a protein’s 3D structure because
the H+ and OH– compete with the hydrogen and ionic
bonds in an enzyme, resulting in denaturation (Tortora et
al., 2004).
3.4.4. The effect of metal ions on the stability of CAEG
The effect of various metal ions on the stability of CAEG
was tested, as shown in Figure 14. The results showed
only 2 ions, i.e. Ca2+ and Mn2+, to be activators against the
control (100% relative EG activity = 23.76 U/mg). All of
the other ions showed relative EG activity within the range
of 67.84%–88.20%. The EG activity of A. terreus M11 was
120

1 mM

10 mM

100

Relative EG activity (%)

Relative EG activity (%)

100

80
60
40
20
0
Metal ions (mM)

Figure 14. The effect of metal ions on the stability of purified
CAEG by A. terreus strain AKM-F3. The results are the means
of 3 independent experiments (Fe = FeCl3, Zn = ZnCl2, Hg =
HgCl2, Mg = MgCl2, Ca = CaCl2.2H2O, Mn = MnCl2.4H2O, Cu =
CuSO4.5H2O Ba = BaCl2.2H2O, Li = Li2SO4.H2O, Na = NaCl, K =
KCl, control = no addition of metal ions).

inhibited by 77% and 59% in the presence of 2 mM Hg2+
and 2 mM Cu2+, respectively (Gao et al., 2008). A similar
result was also found for A. terreus GN1, where Hg2+, Cu2+,
and Fe3+ acted as inhibitors for EG production (Garg and
Neelakantan, 1982). The ions bind to the enzyme and
change the conformation of the protein to counter greater
stability for the enzyme (Rahman et al., 2005).
3.4.5. The effect of inhibitors and surfactants on the
stability of CAEG
The nature of an enzyme, its cofactor requirements,
and the nature of the active center can be revealed by
inhibition studies. Several types of inhibitors were tested
to determine the stability of CAEG (Table 3). The most
active inhibitor was 10 mM sodium deoxycholate, having
a relative EG activity of 72.15% with respect to the control
(100% relative EG activity = 19.33 U/mg). EDTA had
much less of an effect on the activity. The CAEG was found
to be resistant to SDS and Triton X-100, having a relative
activity above 80%, which was found to be high when
compared with other reports (Gao et al., 2008; Elshafei et
al., 2009).
3.4.6. The effect of organic solvents on the stability of
CAEG
In enzymatic reactions, organic solvents are used for
solubilizing hydrophobic substrates, which in turn
increases the enzyme activity (Trinh et al., 2013). Various
organic solvents were studied to investigate the stability of
CAEG (Figure 15). All of the tested organic solvents were
found to be enzyme activators, having a higher relative
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Figure 15. The effect of organic solvents on the stability of
purified CAEG by A. terreus strain AKM-F3. The results are the
means of 3 independent experiments.

activity than the control (100% relative EG activity =
16.504 U/mg). Hexane (30% v/v) was regarded as a better
organic solvent than the others, having a higher relative
activity of 173.93%, followed by xylene (20% v/v). The
stability of the organic solvent-tolerant CAEG may be due
to the ability of the enzyme to form multiple hydrogen
bonds with water, resulting in structural flexibility and
conformational mobility (Klibanov, 2001).
There are no reports available on the production of
CAEG by Aspergillus terreus as of yet. The findings of
this study conclude that psychrotolerant microfungi can
be used for production of CAEG and the formulated
optimized conditions showed better production than

Table 3. The effect of different inhibitors and surfactants on the stability of cold active endoglucanase from Aspergillus
terreus strain AKM-F3. The relative EG activity of the control (without the addition of compounds) was regarded as
100%.

Compound

Relative EG activity (%)a at different concentrations
1 mMb

10 mM

EDTA

94.12

90.51

EDTA Na

88.25

80.05

SDS

97.86

94.91

Sodium deoxycholate

78.27

72.15

0.1%c

1%

Triton X-100

92.29

86.59

Tween 20

92.41

85.37

Tween 80

92.9

80.53

Results are means of 3 independent experiments; bWeight per volume; cVolume per volume.

a
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did unoptimized media. A chemical study of the CAEG
revealed it as an acidic and Ca2+-dependent metalloenzyme
that can tolerate most organic solvents. These properties
can be extremely useful in various applications and are
both innovative and invaluable. The product can be used
commercially in textile industries, thereby making it

possible to reduce temperature and energy costs. Coldactive and organic solvent-tolerant CAEG can be used
for the manufacturing of volatile and heat-sensitive
compounds like flavors, fragrances, and perfumes. The use
of sugarcane bagasse is environmentally friendly and can
be exploited for enzyme production.
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